T h e first signs of human tooth development occur 6 weeks after fertilization ( I I mm crown-rump embryo), when an epithelial thickening arises in the region of the future dental arch. This is the forerunner of the ectodermal component of the teeth and is termed the dental lamina. The cells of the oral epithelium, from which the dental lamina arises, contain deposits of glycogen which serve as a store of energy.
Proliferation occurs at ten points in the dental lamina corresponding to the future position of the primary teeth; each resultant swelling is known as a tooth bud. As the tooth buds increase in size they proliferate into the underlying mesoderm and, by a process of differential growth, attain the cap stage of development, characterized by a shallow invagination on the deep surface of the bud (PI. Ia). As a result of the organizing influence of the epithelium, the mesoderm enclosed by the invaginated portion of the tooth bud proliferates and condenses to form the dental papilla, the formative organ of the dentine and the primordium of the pulp. T h e ectodermal portion of the tooth is known as the enamel organ. During the proliferative phase the glycogen content of the ectodermal cells diminishes. This diminution is due either to utilization of glycogen by anaerobic metabolism as proliferation proceeds or to the fact that, as cells penetrate deeper into the underlying mesoderm, they come into association with an improved vascular supply and the necessity for glycogen accumulation no longer exists.
* The histochemical findings on human tooth development presented in this paper form part of the work done for the fulfilment of the requirements for the Degree of Doctor of Philosophy of the University of London.
With further development, the invagination on the deep surface of the bud deepens and its margins continue to grow down into the mesoderm until the tooth germ resembles a bell, the bell stage of development (Pl. 16). Histodifferentiation of the enamel organ occurs and it is now possible to recognize cell types to which specific functions may be ascribed. T h e outer surface of the enamel organ consists of regular cuboidal cells and is known as the external enamel epithelium. The inner surface, the internal enamel epithelium, consists of a layer of short columnar cells with large nuclei which later become the enamel-forming cells, the ameloblasts. The cells in the central core of the enamel organ become separated from each other by an increase of intracellular fluid and form a reticulum of star-shaped cells, the stellate reticulum. A layer of squamous cells (two to three cells deep), the stratum intermedium, appears between the stellate reticulum and the internal enamel epithelium.
With histodifferentiation of the enamel organ completed, determination of crown pattern of the tooth occurs. Butler (1956) considered the mechanism of determination of crown pattern and postulated a specific role for the stellate reticulum, that of water imbibition. It has been shown (Ten Cate, 19576) that the stellate reticulum is histochemically active. Intracellular alkaline-phosphatase activity and the presence of glycogen probably indicate the production, by the stellate cells, of the extracellular acid mucopolysaccharide demonstrated in the stellate reticulum, which probably bestows the property of water imbibition upon it and an integral part to play in determination of the crown pattern.
With the determination of crown pattern completed, the hard tissues of the tooth, dentine and enamel, are elaborated. During dentinogenesis the following sequence of histological changes is known to occur. T h e formative cells of the dentine, the odontoblasts, differentiate under the organizing influence of the ameloblasts from spindle-shaped mesenchymal cells of the dental pulp (von Brunn, 1891). At this stage, the ameloblasts have elongated and their nuclei have migrated to the nonformative ends of the cells, away from the dentine papilla, and the central bodies (de Renyi, 1933) and Golgi apparatus (Beams & King, 1933) have migrated to the formative ends. Histochemically the ameloblasts are characterized by a high glycogen content (Ten Cate, 1957~) (Pl. Ie). T h e basement membrane between the internal enamel epithelium and the dental papilla thickens, and from the cell-rich layer beneath the odontoblasts, the subodontoblastic layer, originate argyrophilic fibres, the fibres of von Korff, which lie between the odontoblasts and merge with the basement membrane. A spreading out of the ends of von KorfYs fibres related to the basement membrane occurs and their staining characteristics change, indicating a conversion from pre-collagen to collagen. T h e dentine matrix consists of a cementing substance and fibres and, in this state, is termed pre-dentine. Calcification of matrix occurs in such a manner that while apposition of a current layer of pre-dentine is taking place the previous layer is undergoing calcification. As dentine deposition occurs the odontoblasts retreat, leaving behind an attenuated process, the odontoblast process, which becomes incorporated in the dentine.
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The exact functional role of the odontoblasts is not yet fully understood and it can even be argued that they play no part in the formation of the dentine matrix. The ground substance is derived from the metachromatic ground substance of the pulp (Bevelander & Johnson, 1955; Fulmer, 1958) . The origin of the fibrous element is more obscure. Weidenreich's concept of a dual origin of the fibres of dentine matrix has recently been revived by Symons (1956) , who considers that the fibres of the first-formed dentine represent the von Korff fibres whereas the remaining fibres of the matrix are formed by a morphologically distinct cell, the radial cell. Watson & Avery (1954) also suggested a dual origin for the fibres of the dentine matrix, from the pulp and from the odontoblast process. Microincineration studies (Hampp, 1940) suggest that the odontoblast is concerned with the transport of mineral salts required for calcification of the dentine matrix.
The odontoblasts exhibit a high nucleic-acid and carbohydrate content (Pl. IC). The subodontoblastic layer is rich in alkaline-phosphatase activity (PI. ~d ) and its cells possess considerable amounts of ribonucleic acid. The ground substance in this region is metachromatic, indicative of the presence of an acid mucopolysaccharide. Controversy exists as to whether the odontoblasts themselves contain alkaline-phosphatase activity. Odontoblastic phosphatase activity has been described in non-human material by several authors (Bevelander & Johnson, 1946 ; Cederberg, 1951 ; Avery, 1954; Symons, 1954 ) but other workers have refuted it, attributing the presence of the enzyme to diffusion artifacts (Gomori, 1943; Sasso & Castro, 1957) . In human material no enzyme activity was elicited within the odontoblast with the azo-dye technique ; with the Gomori cobalt technique transverse sections containing odontoblasts alone showed a negative response (Ten Cate, 1958) .
Recent work (Bourne, 1956; Glasstone, 1958) has suggested that Robison's (1923) view that alkaline phosphatase plays a part in the precipitation of mineral salts is not correct, but rather that the enzyme is concerned with the genesis of organic matrices, associated either with fibrillogenesis (Bourne, 1943 (Bourne, , 1944 Gould & Gold, 1951; Frieden & Hisaw, 1951 Buck, 1953) or synthesis of ground substance (Moog & Wenger, 1952; Kroon, 1952) . These two views are not mutually exclusive because acid mucopolysaccharide of the ground substance may be related to fibre formation by acting as a template for the protofibrils of collagen (Meyer, 1947 (Meyer, , 1950 which are produced intracellularly (Porter, 195 I ; Jackson, 1 9 5 6 4 ) and passed through the cell wall to become orientated extracellularly.
The presence of ribonucleic acid in cells is taken to indicate protein metabolism (Teener, 1947) and can, therefore, be associated with fibrillogenesis. The subodontoblastic layer, from which the fibres of von Korff arise, is an active site of fibrillogenesis, and the presence of ribonucleic acid and enzyme activity is indicative of this synthesis. That the odontoblasts are rich in ribonucleic acid and devoid of alkaline-phosphatase activity suggests that protein synthesis is occurring, as postulated by Watson & Avery (1954) , and that phosphatase activity is associated with mucopolysaccharide synthesis and only indirectly with fibrillogenesis.
Amelogenesis has received much attention and a diversity of opinions has been expressed. Similar histological observations have been interpreted in many different ways (Saunders, Nuckolls & Frisbie, 1942; Orban, Sicher & Weinmann, 1943; Marsland, 1951 Marsland, , 1952 Butcher, 1955) ; it is, however, generally accepted that the process of amelogenesis occurs in two phases, formation of the enamel matrix and the secondary calcification of the enamel matrix or enamel maturation. Enamel formation does not commence until the first increments of dentine have been deposited. This dentine forms a barrier which deprives the ameloblasts of their pulpal nutritional source. T o compensate, the external enamel epithelium approximates to the ameloblasts, and blood vessels appear along the outer surface of the epithelium.
T h e ameloblasts produce, at their formative ends, processes known as Tomes processes. The intracellular substance between the ameloblasts condenses to form the terminal bar apparatus which is said to give rise to the fibrous inter-rod substance of enamel (Orban, 1949) . T h e Tomes process then undergoes further chemical changes and becomes the pre-enamel rod into which calcium salts are precipitated. This constitutes the formation of the enamel matrix. Enamel maturation occurs when all the enamel matrix has been elaborated and is characterized by the crystallization of mineral salts and the simultaneous disappearance of water and organic material so that the enamel reaches its final high inorganic content.
T h e enamel matrix consists of a fibrous component, probably akin to keratin, and a ground substance containing acid mucopolysaccharide, into which inorganic salts are deposited. Histochemical observations on amelogenesis are in accord with this view. T h e high glycogen content of the ameloblasts disappears as the Tomes process is elaborated (Pl. Ie) and it has been postulated (Ten Cate, 1957a ) that this process represents the phosphorolytic degradation of glycogen to hexosephosphate esters utilized in the synthesis of acid mucopolysaccharide of the enamel matrix. The absence of glycogen from odontoblasts, cells with a similar function to perform, is explained by the proximity of a rich vascular supply (James, 1955) , hexosephosphate esters being derived directly from the blood.
T h e presence of alkaline phosphatase at sites of fibrillogenesis is well recognized, yet the ameloblasts show no phosphatase activity during enamel-matrix formation (Gomori, 1943; Avery, 1954; Sasso & Castro, 1957; Ten Cate, 1958 ) (PI. ~d ) .
The stratum intermedium, however, is rich in phosphatase activity (Pl. ~d ) and it is of significance that in both dentinogenesis and amelogenesis the formative cells are devoid of the enzyme, yet exist in close relationship with cell layers rich in the enzyme, the subodontoblastic layer and the stratum intermedium respectively. In accord with the view that alkaline-phosphatase activity at calcification sites is associated with the production of the organic matrix, it can be postulated that mucopolysaccharide is elaborated in the stratum intermedium and flows down the cell interfaces between the ameloblasts to the terminal bar region where it forms a template for the protofibrils produced by the ameloblasts rich in ribonucleic acid.
This interpretation of the histochemical findings on the human developing tooth is supported by recent work on amelogenesis in rodents investigated with the electron microscope. Fearnhead (1958) has shown that the cell wall of the ameloblast plays an important part in formation of enamel matrix. T h e fibrous protein of the matrix originates from granular material which is elaborated within the ameloblast, or at a special region of the cell wall, and then passes out through the cell wall in the terminal bar region (Pl. 2). T h e Tomes process also contains a precursor of a fibrillar component, but of a different nature, consisting of large oval bodies rather than of a granular material. Definitive inter-rod fibres appear abruptly in the enamel matrix, suggesting a process of orientation. T h e sudden appearance of 'tape-like' fibres pervading the entire enamel matrix which possess an electron-diffraction pattern characteristic of apatite has also been shown to occur in the fully formed matrix.
T h e application of histochemistry and electron microscopy to the study of tooth development has shown that complex metabolic and histophysiological processes occur. Experimental nutritional interference with these processes as a method of research into tooth development has demonstrated the occurrence of histological changes in the dental tissues (Wassermann, 1944) but, as yet, the mechanism of these changes is not understood. Histochemical and electron microscopical techniques, in conjunction with experimental nutritional interference, were used by Bernick & Bavetta (1957) in their investigation of the failure of dentine to calcify in tryptophan deficiency. From their findings they were able to conclude that this failure to calcify was the result of an altered state of the dentine ground substance and to show also that a relationship existed between the organic matrix and calcium deposition. This method of approach emphasizes the way in which experimental alteration of the nutritional environment can throw light on the many problems of structure and development still remaining in dental histology and embryology.
